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Head turns bias the brain's internal random generator 
 
Numerical and spatial cognition rely on common functional circuits in the parietal lobes [1]. While previous 
work established that the mere perception of numbers can bias attention in space [2], the method of 
random digit generation has only recently been introduced to a rapidly growing literature exploring 
asymmetries in number space [3]. Here we show that human subjects' attempts to generate numbers “at 
random” are systematically influenced by lateral head turns, known to reallocate spatial attention in the 
outside world. Specifically, while facing left, subjects produced relatively small numbers, whereas while 
facing right they tended to produce large numbers. These data support current concepts of parietal cortex 
as mediating the interplay between spatial attention and abstract thought [4]. 
 
Numerical magnitudes supposedly are represented on a "number line" that extends from left (small 
numbers) to right in mental space. Several lines of evidence suggest that this analogue, oriented 
representation of numbers is mediated by those parietal lobe regions that also process left and right in 
outside space. First, patients with damage to the right parietal lobe, who fail to attend to the left side of 
space (“hemispatial neglect”), also evidence neglect in number space. For instance, when they are asked 
to indicate the median number of orally presented number pairs (“which number is halfway between 9 
and 17?”), they deviate towards too large, “right-sided” numbers [5]. Second, work with healthy subjects 
showed that the universal left-sided attention bias in spatial exploration [“pseudoneglect”, 6, 7] is also 
found in number space, i.e. normal subjects typically bisect segments of the number line at too small a 
number [8]. Recent findings even indicate that the magnitude of an individual’s lateral deviation in line 
bisection predicts his or her underestimation in number line bisections [9]. 
 
We employed a demanding number generation task, the repeated naming of digits in a sequence as 
random as possible, to further investigate the spatial properties of numerical representations. While in the 
past, randomization tasks have been widely employed to monitor a subject’s working memory and frontal 
executive functions [10], we recently suggested that the known preference, in such tasks, for small over 
large numbers could have a spatial component [3]. 
 
With their eyes closed, subjects had to generate random numbers in the interval between 1 and 30, once 
with their head kept straight (baseline) and once while turning their head (see Fig. 1A for details). Half of 
the subjects were required to visualize the 30 numbers on an imaginary ruler. The dependent variable was 
the number of “small”, supposedly "left-sided" numbers (i.e. 1 to 15) produced in each experimental run. 
 
-------------------------------------------------------------------------------------------------------------------------------------- 
Insert Figure 1 about here 
-------------------------------------------------------------------------------------------------------------------------------------- 
 
The results as described in Fig. 1B clearly show the bias for small numbers and the influence of head turns. 
They allow for two principal conclusions. First, in the straight-ahead condition subjects produced more 
small numbers than expected by chance. In accordance with recent findings [3], the brain's internal 
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random generator generally appears to be biased towards the production of smaller numbers. Previous 
speculations about linguistic, developmental or social-psychological causes of this bias are here 
complemented by the proposal that asymmetric parietal lobe contributions may be involved. Although it 
remains to be established whether in right-to-left reading cultures, a large-number bias may be evident, 
this would not in itself contradict the model of pseudoneglect as a consequence of a cerebral hemispheric 
imbalance in favor of right parietal attentional functions [11]. The fact that, in our experiment, visual 
imagery instructions proved a potent means of exaggerating small-number preferences, further 
emphasizes the presumed “spatiality” of number space.  
 
The second important conclusion derives from the observation that head turning can modulate healthy 
subjects' lateral biases along the mental number line. From work with patients with right parietal lesions 
and hemineglect it is known that forced left-turns of eyes and head may move their spotlight of attention 
towards the left side of both the outside world [12] and of mental images [13]. In healthy subjects, lateral 
eye and head turning have early been recognized as reliable indicators of contralateral hemispheric 
activation [14]. Intuitively, random number generation seems to involve abstract cognitive processes 
devoid of any direct connection to body or space. It may surprise that a low-level sensorimotor 
manipulation systematically influences the behavior in a task only implicitly evoking the notion of number 
magnitude. However, sensory and motor processes, which have originally evolved for basic interactions 
with the environment, are reportedly exploited during abstract cognition [15]. Intriguingly, as head 
turning can influence one’s spontaneous spatial exploration, it also appears to affect predictably the 
apparent spontaneity of “random” numerical choices. 
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 Legend: 
Figure 1 
A: Forty healthy, right-handed subjects named numbers between 1 and 30 in a sequence as random as 
possible. Each subject performed two runs, a baseline and a head-turning condition (counterbalanced 
order). Responses were paced by a metronome (0.5Hz). In the baseline condition, 40 responses were 
generated while keeping the head straight. In the head-turning condition, subjects had to perform 
rhythmic head turns (approx. 80° lateral extension). At each turning point of the sinusoidal movement, a 
random number had to be emitted spontaneously. Eighty responses, i.e. 40 to either direction, were 
collected. We also included an instructional manipulation. Half of the subjects were told that the 
imagination of a ruler with 30 units might facilitate performance ("ruler" group); no such information was 
given to the other 20 subjects (“no ruler” group). 
 
B: Number of “small” (<16; left on number line segment 1-30) numbers produced under baseline and left 
and right turning conditions (means and standard error). Overall, subjects produced more small numbers 
than expected by chance (i.e. 20.0; dotted line) under the baseline (t=4.3, p<.001) and left turning 
condition (t=4.8, p<.001), but not after right turns (t=1.4, n.s.). Numerically, there was an increase in 
small numbers for left turns compared to baseline, but a decrease for right turns. ANOVA with direction 
of head turning (baseline, left, right) and instruction group as factor revealed a main effect of head 
turning (F=4.4, p<.02). Subjects generated significantly more small numbers after left turns than after 
right turns (t=2.7, p<.011). The main effect of instruction group was significant as well (F=8.4, p<.01). 
Subjects who imagined a ruler evidenced a more pronounced preference for small numbers than subjects 
who conceived of the numbers in a more abstract sense. 
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